Appendix A gives more detail on the derivation of the impulsive collisions.
APPENDIX A
Let us define the relative position of the contact point with respect to the center-of-mass of each body as i (t c ) and k (t c ), meaning i = (t c ) − i (t c ) and k = (t c ) − i (t c ). Let us also describe the pre-impulse and post-impulse variables by superscripts of -and + respectively. Therefore, eq 12 can be rewritten for post-impulse contact point velocity as: pi c i c i c i (t ) (t ) (t ) (A.1) since at the first step we assume that the impulse acts only in normal direction, the spatial variable, i.e. linear and angular velocities, of the i th pellet after collision can be computed based on the normal impulse as:
where mi is the mass of pellet i. Substitution of eqs A.2-3 into eq A.1 will result in: Similarly, the velocity of point p on the body space of packing j with the mass of mj after collision can be computed using the exertion of opposite impulse, i.e. − ik,n̂ik (t c ), yielding:
Using eqs A.4-5 to compute pik , followed by a scalar product with ̂i k (t c ), yields the following relationship for pik,n 
APPENDIX B
Considering the notation presented in Figure 4 , for a particular contact point Pik with the normal vector ̂i k (t c ) pointing out from body k towards body i, we can express ̈p ,ik (t c ) in terms of all unknown contact forces that directly affect Pik as:
It is worth noticing that here ̂i j (t c ) points out from body i towards body j and ̂l k (t c ) points out from body k towards body l. Let us start by determining ik,j which specifies how the ij contact force affects the acceleration of the contact distance between i and k, i.e. ̈p ,ik (t c ).
Using eq 28, we realize that the second term, i.e. 2̂̇i k (t c ). ( pi (t c ) − pk (t c )) is velocity dependent, and is thus part of ik . Therefore, the ik (t c ) dependent part of eq 28 is 
(t ) (t ) (t ) (t ) (t ) (t ) (t )
where the second part of eq B.3 is also velocity dependent term and can be transferred to ik .
Substituting for linear and angular velocity contributions into ̇p i (t c ) followed by a dot product with ̂i k (t c ), the total dependence of ̈p ,ik (t c ) on ik (t c ) is:
Similarly, we can determine the dependence of ̈p ,ik (t c ) on lk (t c ) with a the same procedure, which will result in a derivation of ik,j : To determine ik we also have to take the contributions of ̇p i (t c ) and ̇p k (t c ) due to unknown external forces such as gravity as well as the force independent terms into account. Thus, the contribution of ̇p i (t c ) to ij , after scalar product to ̂i k (t c ) can be expressed as:
